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DEPARTMENT  OF  THE  ARMY 
Baltimore  District,  Corps  of  Engineers 
Baltimore,  Maryland  21203 


PREFACE 


This  report  is  prepared  under  guidance  contained  in  the 
Recommended  Guidelines  for  Safety  Inspection  of  Dams  for  Phase  I 
Investigations.  Copies  of  these  guidelines  may  be  obtained  from  the 
Office  of  the  Chief  of  Engineers,  Washington,  D.C.  20314.  The  purpose  of 
a  Phase  I  investigation  is  to  expeditiously  identify  those  dams  which  may 
pose  hazards  to  human  life  or  property.  The  assessment  of  the  general 
condition  of  the  dam  is  based  upon  available  data  and  visual  inspections. 
Detailed  investigations,  testing  and  detailed  computational  evaluations 
are  beyond  the  scope  of  a  Phase  I  investigation;  however,  the 
investigation  is  intended  to  identify  the  need  for  more  detailed  studies. 

In  reviewing  this  report,  it  should  be  realized  that  the 
reported  condition  of  the  dam  is  based  on  observations  of  field  conditions 
at  the  time  of  inspection  along  with  data  available  to  the  inspection 
team.  In  cases  where  the  reservoir  was  lowered  or  drained  prior  to 
inspection,  such  action,  while  improving  the  stability  and  safety  of  the 
dam,  removes  the  normal  load  on  the  structure  and  may  obscure  certain 
conditions  which  might  otherwise  be  detectable  if  inspected  under  the 
normal  operating  environment  of  the  structure. 

It  is  important  to  note  that  the  condition  of  a  dam  depends  on 
numerous  and  constantly  changing  internal  and  external  conditions,  and  is 
evolutionary  in  nature.  It  would  be  incorrect  to  assume  that  the  present 
condition  of  the  dam  will  continue  to  represent  the  condition  of  the  dam  at 
some  point  in  the  future.  Only  through  frequent  inspections  can  unsafe 
conditions  be  detected,  and  only  through  continued  care  and  maintenance 
can  these  conditions  be  prevented  or  corrected. 

Phase  I  inspections  are  not  intended  to  provide  detailed 
hydrologic  and  hydraulic  analyses.  In  accordance  with  the  established 
Guidelines,  the  spillway  design  flood  is  based  on  the  estimated  "Probable 
Maximum  Flood"  for  the  region  (greatest  reasonably  possible  storm  runoff), 
or  fractions  thereof.  The  spillway  design  flood  provides  a  measure  of 
relative  spillway  capacity  and  serves  as  an  aid  in  determining  the  need 
for  more  detailed  hydrologic  and  hydraulic  studies,  considering  the  size 
of  the  dam,  its  general  condition  and  the  downstream  damage  potential. 


PHASE  I  INSPECTION  REPORT 
NATIONAL  DAM  INSPECTION  PROGRAM 


Name  of  Dam: 

County  Located: 
State  Located: 
Stream: 

Coord inates: 

Date  of  Inspection: 


Christman  Dam 
Berks  County 
Pennsylvania 

Tributary  to  Maiden  Creek 
Latitude  40°  32.5’ 
Longitude  75°  53.2' 
November  21 ,  1979 


Christman  Dam  is  owned  and  maintained  by  Mr.  Carl  W. 
Christman.  The  dam  was  built  for  recreational  purposes. 

Visual  inspection  and  review  of  design  documenta¬ 
tion  indicate  that  the  spillway  is  in  fair  condition,  but  the 
overall  evaluation  of  Christman  Dam  is  poor.  The  dam  is 
classified  as  a  ^Small"*  size  structure  with  a  ?High*^  hazard 
classification,  consistent  with  its  potential  in  the  event  of 
failure,  for  extensive  property  damage  and  loss  of  life  in  the 
downstream  town  of  Virginville. 


In  accordance  with  criteria  established  by  Federal 
(OCE)  Guidelines,  the  spillway  design  flood  is  0.5  to  1.0  PMF 
(Probable  Maximum  Flood).  As  the  height  of  this  dam  is  near 
the  lower  limit  for  small  size  dams,  and  the  existing  total 
capacity  is  about  one-third  of  the  upper  limit,  the  selected 
spillway  design  flood  is  0.5  PMF.  Hydrologic  and  hydraulic 
computations  presented  in  Appendix  D  indicate  that,  under 
existing  conditions,  the  spillway  can  pass  about  0.59  PMF 
without  overtopping  the  embankment.  Under  design  conditions, 
the  spillway  can  pass  about  0.88  PMF  without  overtopping. 
Therefore,  the  spillway  system  of  this  structure  is  considered 
to  be  ^Adequate  — - — 


It  is  recommended  that  the  following  measures  be 
undertaken  immediately  under  the  supervision  of  a  registered 
professional  engineer  experienced  in  the  design  and  construc¬ 
tion  of  dams. 


(1)  The  embankment  stability  analysis  requested  by  the 
state  should  be  performed,  using  constructed  slope 
angles  and  as-built  soil  parameters  obtained  from 
undisturbed  samples. 

(2)  The  crest  elevation  should  be  increased  to  meet  the 
design  elevation. 
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(3)  The  trees  and  root  masses  should  be  completely 
removed  and  the  slope  restored  to  its  original 
condition.  All  woody  vegetation  should  be  cut  on  an 
annual  basis. 

(4)  Additional  backfill  should  be  placed  behind  the 
spillway  chute  walls. 

(5)  The  riprap  partially  blocking  the  weir  should  be 
removed. 

(6)  The  hose  through  the  embankment  should  be  removed 
and  the  embankment  returned  to  its  original  condi¬ 
tion. 

(7)  Provide  a  method  of  upstream  closure  of  the  pond 
drain  conduit. 


Because  of  the  location  of  the  dam  and  the  potential 
for  heavy  property  damage  and  possible  loss  of  life  in  the 
event  of  failure,  a  formal  procedure  of  observation  and 
warning  during  periods  of  high  precipitation  should  be 
developed  and  implemented.  This  procedure  should  include  a 
method  of  warning  downstream  residents  if  high  flows  are 
expected  and  provisions  for  evacuating  these  people  in  the 
event  of  an  emergency.  In  addition,  the  Owner's  engineer 
should  develop  a  detailed  maintenance  and  operation  procedure 
to  insure  that  all  pertinent  items  are  carefully  inspected  on 
a  regular  basis  and  >matntaii?ed  i*Kthe  best  possible  condition. 
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PHASE  I  INSPECTION  REPORT 
NATIONAL  DAM  INSPECTION  PROGRAM 
CHRISTMAN  DAM 
NATIONAL  ID  NO.  PA  00721 
DER  NO.  6-460 

SECTION  1 

PROJECT  INFORMATION 


1 . 1  General. 

a.  Authority.  The  Dam  Inspection  Act,  Public  Law  92- 
367,  authorized  the  Secretary  of  the  Army,  through  the  Corps 
of  Engineers,  to  initiate  a  program  of  inspection  of  dams 
throughout  the  United  States. 

b.  Purpose.  The  purpose  of  the  inspection  is  to 
determine  if  the  dam  constitutes  a  hazard  to  human  life  or 
property. 


1.2  Description  of  Project. 

a.  Dam  and  Appurtenances.  Christman  Dam  is  a  zoned 
earth  dam  about  27  feet  high  and  630  feet  long,  constructed 
over  a  cutoff  trench  under  the  dam  centerline.  The  relatively 
impervious  core  and  cutoff  trench  reportedly  consist  of  clayey 
silt  with  decomposed  stone  fragments,  and  the  pervious  shell 
of  shale  rock  with  clayey  silt  binder.  The  cutoff  trench  is 
ten  feet  wide  at  the  bottom,  and  the  side  slopes  of  the  trench 
and  core  are  1H:1V.  The  main  portion  of  the  embankment  is  400 
feet  long  with  a  design  crest  width  of  18  feet,  and  upstream 
and  downstream  (design)  slopes  of  2.5H:1V.  The  design 
drawings  indicate  that  the  shorter  leg  of  the  embankment,  with 
a  14  foot  maximum  height,  makes  an  angle  of  137.5  degrees  with 
the  maximum  section,  has  a  six  foot  top  width,  and  upstream 
and  downstream  slopes  of  2H:lV.  The  dam  was  constructed  to 
have  an  approximately  constant  top  width  the  entire  length, 
however.  The  entire  upstream  slope  of  the  dam  is  shown  to  be 
protected  with  riprap  placed  on  a  12  inch  thick  filter 
blanket.  The  crest  is  paved  with  gravel;  the  downstream  slope 
is  protected  with  vegetation.  The  entire  length  of  the  crest 
serves  as  an  access  road  to  homes  on  the  right  side  of  the 
reservoir . 


A  side  entrance  spillway  is  at  the  right  end  of  the 
embankment.  A  100  foot  long  weir  makes  an  angle  of  about  90 
degrees  with  the  dam  centerline.  The  weir  discharges  into  a 
trough  about  15  feet  deep  and  10  feet  wide  at  the  back  to  15 
feet  wide  at  the  front.  Discharge  flows  under  a  bridge  at  the 
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dam  centerline  and  then  down  a  concrete  chute  to  the  natural 
channel  about  135  feet  beyond  the  dam  centerline.  A  24  inch 
prestressed  concrete  cylinder  pipe  pond  drain  conduit  is 
located  about  72  feet  from  the  left  side  of  the  bridge  over 
the  spillway.  The  intake  is  at  the  upstream  toe  and 
completely  under  water,  and  the  conduit  discharges  at  the 
downstream  toe,  as  shown  in  Photograph  3,  Appendix  C. 
Discharge  through  the  pond  drain  is  controlled  by  a  cast  iron 
sluice  gate  at  the  downstream  end.  There  are  three  anti-seep 
collars  around  the  pond  drain  conduit. 

Embankment  seepage  is  controlled  by  a  rock  toe  at 
the  downstream  edge.  Plan  and  cross-section  views  of  the  dam 
and  spillway  systems  are  included  in  Appendix  E. 

b.  Location.  The  dam  is  located  across  an  unnamed 
tributary  to  Maiden  Creek  in  Windsor  Township,  Berks  County, 
Pennsylvania.  The  dam  site  is  located  approximately  one  mile 
north  of  Virginville,  Pennsylvania.  The  dam  site  and 
reservoir  are  located  on  the  USGS  Quadrangle  map  entitled, 
"Hamburg,  Pennsylvania",  at  coordinates  N  40°  32.5'  W  75° 
53.2'.  A  regional  location  plan  of  Christman  Dam  and 
reservoir  is  enclosed  as  Plate  1,  Appendix  E. 

c.  Size  Classification.  The  dam  is  classified  as  a 
"Small"  size  structure  by  virtue  of  its  27  foot  height  and 
total  capacity  of  322  acre-feet  under  existing  conditions. 

d.  Hazard  Classification.  A  "High"  hazard  classifica¬ 
tion  is  assigned  consistent  with  the  dam's  location  above  a 
small  residential  area  and  the  potential  to  cause  extensive 
property  damage  and  loss  of  life  downstream  of  the  dam  along 
Maiden  Creek  in  Virginville. 

e.  Ownership.  Christman  Dam  is  owned  by  Mr.  C'^l  W. 
Christman.  All  correspondence  should  be  sent  to  Mr.  Carl  W. 
Christman,  Christman  Road,  RD  #1,  Post  Office  Box  118, 
Lenhartsville ,  Pennsylvania  19534. 

f.  Purpose  of  Dam.  The  dam  was  built  for  recreational 
purposes. 


g.  Design  and  Construction  History.  On  September  26, 
1967,  an  application  was  made  for  a  permit  to  construct  a  dam 
across  the  tributary  to  Maiden  Creek.  At  the  time  the 
application  for  a  permit  was  made,  completed  plans  for  the  dam 
were  also  submitted.  CVM  Industries,  Test  Boring  Division, 
made  test  borings  at  the  site,  and  Ambric  Testing  &  Engineer¬ 
ing  Associates  had  obtained  samples  and  performed  sieve 
analyses,  liquid  limits,  compaction  and  direct  shear  testing 
of  the  soil  samples.  Several  changes  were  requested  by  the 
state  and  were  made  to  the  design.  On  January  12,  1968,  the 
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"Report  Upon  the  Application  of  Carl  W.  Christman"  was  made  by 
the  state,  and  a  permit  was  issued  on  March  13,  1968.  General 
Consultants,  Inc.  was  retained  by  the  Owner,  who  was  also 
acting  as  the  contractor,  to  supervise  and  inspect  the 
construction  of  the  dam,  and  a  preconstruction  meeting  between 
the  Owner,  engineer  and  state  representatives  was  held  at  the 
site  on  May  15  ,  1968  .  Additional  test  pits  were  dug  in 
prospective  borrow  areas,  and  materials  were  forwarded  to 
Allentown  Testing  Laboratories,  Inc. ,  for  analysis.  Allentown 
Testing  also  provided  in-place  compaction  testing.  A  portion 
of  the  cutoff  trench  was  inspected  by  a  state  representative 
on  June  26,  and  found  to  be  acceptable.  In-place  density 
tests  in  July  indicated  that  compaction  results  were  well 
below  the  specified  100  percent  (AASHO  T-99).  General 
Consultants  directed  Mr.  Christman  in  July  1968  to  increase 
compactive  effort  and  soil  moisture  in  order  to  obtain  the 
required  densities.  On  November  11,  1968,  a  progress  report 
submitted  to  the  state  indicated  that  the  spillway  bridge 
walls  were  95  percent  complete,  the  bridge  80  percent 
complete,  earthwork  for  the  dam  80  percent  complete,  cleaning 
the  dam  basin  50  percent  complete,  and  the  outlet  works  100 
percent  complete.  The  project  had  been  shut  down  for  the 
winter  months,  and  the  Engineer  would  notify  the  state  before 
resuming  operations  in  the  spring  of  1969. 

On  May  12,  1969,  a  state  representative  visited  the 
dam  and  met  with  the  Owner.  Water  was  found  to  be  impounded  to 
the  normal  pool  level  without  the  state  being  notified  that 
the  dam  was  finished  and  water  was  being  ponded.  Several 
deficiencies  were  noted:  earthwork  not  completed,  riprap  not 
placed  on  the  upstream  face,  the  crest  was  uneven,  and  there 
was  seepage  noted  in  the  left  abutment  area.  Considerable 
leakage  of  the  spillway  was  noted  in  the  joints  between  the 
wall  and  the  floor.  On  May  19,  the  state  ordered  the  Owner  to 
open  the  outlet  conduit  gate  and  drain  the  impounded  water  at 
once. 


On  September  30,  a  state  representative  inspected 
the  dam  and  found  that  the  upstream  slope  had  been  reshaped  in 
a  satisfactory  manner  with  a  2.5H:1V  slope.  On  October  14, 
1969,  a  state  inspection  noted  that  the  Owner  had  closed  the 
valve,  contrary  to  instructions,  and  that  the  riprap  did  not 
cover  the  slope  as  indicated  on  the  approved  plans.  On 
October  17,  the  Engineer  submitted  a  plan  to  seal  off  the 
seepage  in  the  spillway  by  the  use  of  a  cement  grout,  which 
was  approved  by  the  state.  On  November  12,  state  representa¬ 
tives  inspected  the  site  while  cement  grouting  was  in 
progress.  The  Owner  was  on  the  site  and  he  was  told  to 
maintain  the  lower  water  level  as  directed  by  the  September  24 
letter;  the  outlet  conduit  gate  was  still  closed. 
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In  December,  the  Owner  advised  the  state  that,  as  a 
result  of  financial  difficulties,  he  was  unable  to  complete 
the  project  at  that  time.  He  also  reported  that  the  cement 
grout  program  did  not  completely  seal  off  the  leakage.  He 
requested  permission  to  impound  water  to  the  full  height  and 
stated  that  he  planned  to  complete  the  riprap  in  the  fall  of 
1970.  In  January  1970  ,  the  state  gave  permission  for  the 
reservoir  to  be  filled  to  normal  elevation.  The  state  also 
approved  a  proposal  by  the  Engineer  for  chemical  grouting  to 
be  done  in  the  spillway  area  to  seal  off  the  leakage.  The 
state  required  that  the  grouting  and  completion  of  riprap 
downstream  of  the  spillway  channel  be  done  before  June  1, 
1970.  Chemical  grouting  of  the  spillway  area  was  apparently 
done  by  the  Royal  Construction  Company  of  Norristown,  Pennsyl¬ 
vania,  probably  in  the  summer  of  1970. 

An  October  1972  inspection  of  the  completed  dam 
indicated  that  it  was  generally  in  fair  condition,  and  no 
action  was  recommended  by  the  state.  By  June  1977,  the 
general  condition  was  still  considered  fair;  however,  the 
spillway  condition  had  deteriorated  to  poor,  with  open  joints, 
and  the  recommendation  was  made  that  the  Owner  should  employ 
an  engineer  to  evaluate  the  structure  and  to  make  necessary 
repairs.  The  April  1978  state  inspection  determined  that  the 
general  appearance  of  the  dam  had  deteriorated  to  poor  and 
that  no  repairs  had  been  made.  The  spillway  walls  were 
cracked  and  braced,  seepage  was  occurring  around  the  outlet, 
and  the  downstream  toe  was  swampy.  In  June  1978,  the  Owner 
was  ordered  to  retain  the  services  of  a  registered  profession¬ 
al  engineer,  experienced  in  the  design  and  construction  of 
dams,  to  make  a  detailed  investigation  of  the  safety  of  the 
dam  and,  within  45  days,  submit  to  the  department  for  its 
review  and  approval  the  professional  engineer's  report  on  the 
condition  of  the  dam.  The  Owner  was  also  ordered  to 
immediately  drain  the  lake  at  a  safe  rate  to  a  point  where  no 
water  was  impounded,  and  to  keep  the  outlet  conduit  gate  in  a 
fully  open  position  after  the  lake  had  been  drained.  The 
order  was  signed  by  an  Assistant  Attorney  General  of  Pennsyl¬ 
vania. 

In  October  and  November  1978,  the  Owner's  engineer 
submitted  plans  for  repairs  to  the  dam.  The  state  concurred 
with  the  recommendations  of  the  Engineer,  and  reiterated  the 
requirement  to  provide  a  complete  engineer's  report  on  the 
safety  of  the  dam,  including  a  stability  analysis  of  the 
embankment  and  a  hydraulic  evaluation  of  the  spillway.  In 
December  1978,  state  representatives  inspected  the  repair  work 
to  the  spillway,  and  noted  excavation  for  the  new  spillway 
wall  exposed  a  line  of  gravel  and  wood  running  through  the 
impervious  clay  core  of  the  embankment  about  one  foot  above 
the  spillway  slab. 
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On  March  1,  1979,  Harvey  D.  George,  Inc.,  building 
contractor/designer  of  Virginville,  Pennsylvania,  retained  by 
the  Owner  to  complete  the  repair  work,  wrote  a  letter  to  the 
state  reporting  what  work  had  been  done  at  the  dam  during  the 
winter.  On  March  16,  1979,  F.  T.  Kitlinski  &  Associates, 
Inc.,  of  Harrisburg,  Pennsylvania,  wrote  to  the  state, 
informing  them  that  they  had  been  engaged  by  the  Owner  to 
perform  a  stability  analysis  as  directed.  They  requested 
permission  to  review  the  files  on  the  dam.  On  April  18,  1979, 
they  submitted  a  report  to  the  Owner.  The  report  included  a 
description  of  an  inspection  of  the  dam  and  made  several 
recommendations,  including  the  installation  of  piezometers 
and  the  drilling  of  two  test  borings  at  least  ten  feet  into 
the  original  ground.  The  piezometers  would  provide  informa¬ 
tion  concerning  the  location  of  the  phreatic  line  within  the 
embankment,  which  would  be  useful  for  a  stability  analysis. 
Also  recommended  was  increasing  the  reservoir  level  in  stages. 
The  state  concurred  with  the  report. 

On  June  28,  1979,  Kitlinski  &  Associates,  on  behalf 
of  the  Owner,  submitted  the  first  report  on  the  piezometer 
installation  and  test  boring  results  to  the  state.  The  state 
then  gave  permission  for  the  reservoir  to  be  raised  to 
elevation  349.5  ,  and  to  be  held  there  for  30  days  before 
beginning  the  second  stage  increase.  On  August  20,  1979,  the 
state  gave  permission  to  raise  the  reservoir  to  the  normal 
pool  elevation.  Kitlinski  has  submitted  monthly  piezometer 
reading  reports  to  the  state.  An  analysis  of  the  piezometer 
readings  is  beyond  the  scope  of  this  investigation,  and  it  is 
presumed  that  this  data  will  be  utilized  by  Kitlinski  & 
Associates  in  performing  the  stability  analysis  required  by 
the  state. 


h.  Normal  Operating  Procedures.  Under  normal  condi¬ 
tions,  the  pond  drain  gate  is  closed  and  water  flows  over  the 
spillway  weir  at  elevation  357. 


1.3  Pertinent  Data. 

The  summary  of  pertinent  data  for  Christman  Dam  is 
presented  as  follows. 

a.  Drainage  Area  (square  miles)  2.3 

b.  Discharge  at  Dam  Site  (cfs) 

Maximum  Known  Flood  at  Dam  Site  Unknown 
At  Top  of  Dam 

Design  Conditions  3,400 

Existing  Conditions  2,084 
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c.  Elevation  (feet  above  MSL ) 

Top  of  Dam 

Design  362.0 

Existing  .  360.8 

Principal  Spillway  Weir'  357.0 

Pond  Drain  Intake  Invert 
(design)  335.5 

Conduit  Outlet  Invert 
(design)  335.0 

(constructed)  333.7 

Downstream  Toe  333. 5± 

d.  Reservoir  Length  (feet) 

Length  at  Normal  Pool  3,700 


e.  Storage  (acre-feet) 

Normal  Pool 
To  Top  of  Dam 
Design 
Existing 

f.  Reservoir  Surface  Area  (acres) 

Normal  Pool  20.5 

g.  Embankment  Data 

Type 
Volume 
Length 

Height  (existing) 

Top  width 
Side  Slopes 
Upstream 
Designed 
Constructed 
Downstream 
Designed 
Constructed 
Cuto  f  f 

Grout  Curtain 

h.  Spillway 

Type  Side  entrance  con¬ 

crete  channel 


(1)  All  elevations  are  relative  to  an  assumed  spillway  crest 
elevation  of  357.0. 


Zoned  earth 
26,000  cu  yds 
630  feet 
27  feet 
20  feet 


2. 5H: IV 
2 . 5H: IV 

2 . 5H: IV 
2H:1V 

Trench  constructed 
under  dam  centerline 
None 


234 

350 

322 
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Elevations 

Weir  Crest  357.0  * 

Trough  Under  Dam  Centerline  341.5 


Pond  Drain 

Type  24"  reinforced  con¬ 

crete  conduit  under 
dam  gated  at  down¬ 
stream  end 

Intake  Invert  Elevation  335.5 

Outlet  Invert  Elevation  333.7 


SECTION  2 
ENGINEERING  DATA 


2. 1  Design. 

a.  Data  Available.  The  data  available  for  review  are 
contained  in  the  Pennsylvania  Department  of  Environmental 
Resources  (DER)  files.  These  data  include  the  hydrology  and 
hydraulic  design,  structural  design  of  the  spillway  and 
retaining  walls,  an  embankment  stability  analysis,  and  the 
design  drawings. 

b.  Design  Features.  The  principal  design  features  of 
Christman  Dam  are  illustrated  on  the  plans  and  cross-sections 
enclosed  in  Appendix  E  as  Plates  2  through  7.  Data  for  these 
sections  were  obtained  from  the  drawings  located  in  DER  files. 
A  description  of  the  design  features  is  also  described  in 
Section  1.2,  paragraph  a,  and  pertinent  data  relative  to  the 
structure  is  presented  in  Section  1.3. 


2.2  Construction. 


The  known  construction  history  is  presented  in 
Section  1.2,  paragraph  g.  The  construction  data  are  contained 
in  the  state  inspection  reports,  copies  of  correspondence  and 
photographs  located  in  DER  files. 


2.3  Operational  Data. 

There  are  no  operational  records  maintained.  There 
are  no  minimum  flow  requirements  downstream  of  this  dam. 


2. 4  Evaluation. 

a.  Availability.  Information  presented  herein  was 

obtained  from  records  located  in  DER  files  in  Harrisburg, 
Pennsylvania,  and  from  conversations  with  the  Owner. 

b.  Adequacy .  The  available  data  included  in  the  state 
files  and  presented  in  this  report  are  not  adequate  to 
evaluate  the  engineering  aspects  of  the  dam  and  appurtenant 
structures. 

i 

f 

c.  Validity.  The  validity  of  the  original  hydrology 
design  is  suspect  in  that  unique  characteristics  of  the 
watershed  have  been  neglected;  see  Section  5.  Also,  the 
validity  of  the  embankment  stability  analysis  is  questioned 
because  of  the  use  of  inappropriate  soil  parameters;  see 
Section  6. 


SECTION  3 
VISUAL  INSPECTION 


3. 1  Findings. 

a.  General.  Observations  and  comments  of  the  field 
inspection  team  are  contained  in  the  checklist  enclosed  herein 
as  Appendix  A,  and  are  summarized  and  evaluated  as  follows. 
In  general/  the  appearance  of  the  facility  in  November  1979, 
indicates  that  the  dam  is  in  poor  condition.  Plans  and  cross- 
sections  of  the  dam  are  shown  on  Plates  2  and  7,  Appendix  E. 

b.  Dam.  During  the  visual  inspection,  there  were  no 
indications  of  distortion  in  alignment  or  grade  that  would  be 
indicative  of  movement  of  the  embankment  or  foundation.  The 
vertical  alignment  of  the  dam  was  checked  and  spot  elevations 
are  shown  on  Plate  2,  Appendix  E.  No  discernible  horizontal 
displacement  or  bulging  was  noted  along  the  crest.  Over  350 
feet  of  the  dam  crest  was  observed  to  be  below  design 
elevation,  with  a  maximum  difference  of  1.2  feet  noted. 
Increasing  the  crest  to  design  elevation  will  increase  the  dam 
height  to  28.5  feet.  Some  portions  of  the  crest  appear  to 
have  recently  been  filled  in,  indicating  that  the  crest  had 
been  even  lower  prior  to  the  field  inspection.  The  recent 
fill  contained  deleterious  material,  such  as  wood. 

Although  the  upstream  slope  at  the  waterline  is  at 
least  partially  protected  by  riprap,  a  bench  was  noted  just 
below  the  water  surface.  Additional  stone  has  been  placed  on 
the  upstream  slope  adjacent  to  the  spillway,  as  shown  in 
Photograph  15,  Appendix  C,  which  reduces  the  spillway  capaci¬ 
ty.  Fairly  large  trees  are  currently  rooted  in  the  riprap 
zone;  see  Photograph  5.  Other  large  trees  grow  on  the 
downstream  slope;  see  Photographs  7  and  8.  It  is  noted  that 
some  trees  have  been  removed,  except  that  the  root  mass  has 
been  left  in  the  embankment.  The  downstream  slope  is 
protected  with  Crownvetch,  but  also  supports  several  large 
trees  and  other  woody  vegetation.  The  downstream  slope  near 
the  maximum  section  was  damaged,  possibly  by  a  truck  or  track 
mounted  vehicle,  when  piezometers  were  installed;  see  Photo¬ 
graph  9.  This  damage  should  be  repaired. 

The  upstream  slope  could  not  be  inspected  below  the 
water  level,  elevation  357.  It  is  reported  by  F.  T.  Kitlinski 
&  Associates  that  quarried  limestone  riprap  is  present  from 
elevation  359±  to  354±.  Below  that  level,  the  slope  is 
covered  with  small  pieces  of  shale  which  has  little  useful 
function.  It  is  also  reported  that  a  12  to  15  inch  high  bench 
has  been  etched  into  the  upstream  slope  at  elevation  342±  by 
wave  action. 
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Some  erosion  is  taking  place  on  the  embankment 
behind  the  spillway  wall;  see  Photograph  14.  Additional 
"derrick"  stone  has  been  placed  at  the  discharge  end  of  the 
spillway  chute  and  additional  fill  materials  placed  at  the  toe 
of  the  downstream  slope  adjacent  to  the  downstream  channel. 
The  fill  materials  contain  wood  and  plastic  material,  and 
appear  to  be  uncompacted. 

Between  the  spillway  chute  and  the  discharge  conduit 
outlet,  slightly  downstream  of  the  toe,  a  marshy  area  was 
noted,  as  shown  on  sheet  5a,  Appendix  A.  Seepage  was  also 
noted  exiting  the  embankment  from  the  left  side  of  the  outlet 
conduit,  as  shown  in  Photograph  13.  This  seepage  could  either 
be  embankment  seepage  intercepted  by  the  rock  toe  or  seepage 
along  the  conduit. 

To  the  left  of  the  outlet  conduit  is  a  1.5  inch  I.D. 
hose.  Photograph  11  shows  the  intake  on  the  upstream  side; 
Photograph  12  shows  the  exiting  end  of  the  hose.  The  hose 
passes  through  the  embankment  at  an  undetermined  depth  below 
the  crest.  The  original  purpose  of  the  hose  was  to  supply 
water  to  the  fish  ponds  at  the  downstream  toe.  Reportedly, 
the  intake  to  the  hose  is  blocked  with  a  piece  of  wood.  There 
are  three  fish  ponds  on  the  downstream  edge  of  the  embankment. 
The  one  at  the  lowest  elevation  can  be  seen  in  the  overview 
photograph  and  Photograph  7.  Seepage  was  noted  to  be  flowing 
from  the  base  of  the  fish  pond  embankment,  and  the  pond  could 
be  masking  seepage  through  the  embankment. 

c.  Appurtenant  Structures. 

1.  Spillway .  The  overall  condition  of  the  side 
entrance  spillway  is  considered  fair.  The  sediment  accumula¬ 
tion  and/or  fill  upstream  of  the  weir  decreases  the  hydraulic 
efficiency.  The  recently  placed  rock  shown  in  Photograph  15 
reduces  the  effective  length  of  the  weir  by  an  estimated  ten 
percent.  Considerable  seepage  was  noted  through  the  right 
trough  wall  and  through  the  weir.  Some  settlement  of  backfill 
behind  the  right  trough  wall  was  noted.  The  left-hand 
retaining  wall  of  the  transition  section  and  chute  downstream 
of  the  dam  centerline  had  been  displaced  inward  and  was 
recently  replaced.  Photograph  17  shows  the  junction  of  the 
old  and  the  new  concrete.  Photograph  18  shows  what  appears  to 
be  fiberglass  insulation  embedded  in  the  concrete.  Its 
purpose  is  unknown.  The  chute  walls  under  the  bridge  at  the 
dam  centerline  are  out  of  plumb,  leaning  inward  by  as  much  as 
four  inches  at  the  top. 

The  spillway  chute  downstream  of  the  dam  centerline 
appears  to  be  in  good  condition.  Recently,  a  broken  portion 
of  the  floor  was  replaced,  and  additional  rock  was  placed  at 
the  discharge  end  and  concreted  over  in  an  effort  to  hold  it 
in  place. 


2.  Outlet  Works.  Photograph  3  shows  the  discharge 
end  of  the  24  inch  pond  drain  conduit.  Discharge  through  the 
conduit  is  controlled  at  the  downstream  end  by  a  cast  iron 
sluice  gate.  The  gate  was  leaking  slightly  before  it  was 
exercised,  and  leaked  more  after  it  was  exercised.  Reported¬ 
ly,  it  can  be  sealed  off  completely.  Boards  have  been  placed 
around  the  gate  to  protect  the  operator  from  spray  when  the 
gate  is  opened.  Discharge  from  the  conduit  joins  the  main 
spillway  channel  about  100  feet  below  the  dam  toe. 

d.  Reservoir .  The  reservoir  slopes  are  moderate  to 
steep  and  vegetated  to  the  water's  edge  with  grass  or  trees. 
Some  sediment  has  accumulated  at  the  upper  end.  The  Owner 
reported  that  he  had  removed  sediment  at  one  time.  Homes  are 
built  along  the  reservoir's  perimeter. 

e.  Downstream  Channel.  For  about  1,000  feet  below  the 
dam,  the  channel  flows  through  a  fairly  wide  floodplain,  as 
shown  in  Photograph  4.  At  about  1,000  feet  below  the  dam, 
water  passes  under  PA  Route  143  through  two  four  foot  diameter 
corrugated  metal  culverts.  Debris  has  accumulated  at  the 
upstream  end  so  that  water  is  ponded  above  the  top  of  the 
culverts.  The  channel  between  the  dam  and  the  culverts  is 
about  11  feet  wide  and  0.5  to  1.5  feet  deep.  The  floodplain  is 
open  to  brush  covered.  About  2,000  feet  below  the  dam,  the 
stream  enters  Maiden  Creek.  About  1.25  miles  farther 
downstream  is  Virginville,  where  several  homes  are  built  in 
the  floodplain.  At  Virginville,  Pennsylvania,  Route  143 
crosses  Maiden  Creek.  Although  the  Maiden  Creek  floodplain  is 
fairly  wide  just  below  Christman  Dam,  it  narrows  considerably 
at  Virginville.  The  Route  143  highway  bridge  also  forms  a 
constriction  at  Virginville,  so  that  when  water  is  flowing 
over  the  bridge,  the  first  stories  of  the  houses  immediately 
upstream  will  be  flooded.  Failure  of  Christman  Dam  would 
result  in  excessive  property  damage  and  possible  loss  of  life 
at  this  location,  thus  justifying  a  "High"  hazard  classifica¬ 
tion. 


3 . 2  Evaluation. 

In  summary,  the  visual  survey  of  the  dam  and 
appurtenant  facilities  disclosed  several  areas  of  -immediate 
concern.  The  embankment  itself  is  considered  to  be  in  poor 
condition,  with  most  of  the  crest  being  below  design  grade. 
Large  trees  exist  on  the  embankment,  and  some  have  been  pulled 
over  leaving  the  root  masses  in  the  embankment.  Seepage  is 
also  observed  adjacent  to  the  pond  drain  conduit.  As  the 
spillway  trough  wall  was  designed  with  rock  anchors  and 
founded  against  bedrock,  seepage  through  that  wall  is  not 
considered  to  be  detrimental;  although,  it  is  to  be  noted  that 
backfill  behind  the  wall  has  subsided. 
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The  spillway  is  assessed  to  be  in  fair  condition. 
However,  sediment  or  fill  and  recently  placed  rock  upstream  of 
the  weir  have  reduced  the  effective  weir  length  and  should  be 
removed.  The  left  spillway  retaining  wall  has  recently  been 
repaired,  but  the  quality  of  the  repair  cannot  be  assessed. 
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SECTION  4 

OPERATIONAL  PROCEDURES 


4 . 1  Procedures. 

Operation  of  the  dam  does  not  require  a  dam  tender. 
Under  normal  conditions,  all  water  is  discharged  through  the 
side  channel  spillway  at  the  right  end  of  the  embankment. 


4 . 2  Maintenance  of  the  Dam. 

The  dam  is  maintained  by  the  Owner.  As  noted  in 
Section  1.2,  paragraph  g,  major  repairs  are  undertaken  only  at 
the  direction  of  the  state. 


4 . 3  Maintenance  of  Operating  Facilities. 

The  sluice  gate  is  operated  twice  a  year  in  the 
spring  and  fall.  The  reservoir  level  is  lowered  to  clean  the 
upper  end  of  sediment  and  debris. 


4 . 4  Warning  Systems  In  Effect. 

There  are  no  written  warning  systems  or  procedures 
established  to  be  followed  during  periods  of  exceedingly  heavy 
rainfall.  The  Owner  indicated  that  in  the  event  of  an 
emergency,  he  would  notify  the  local  fire  department. 


4.5  Evaluation. 


It  is  judged  that  the  current  operating  procedure, 
which  does  not  require  a  dam  tender,  is  a  realistic  means  of 
operating  the  relatively  simple  control  facilities  of  Christ¬ 
man  Dam.  However,  some  of  the  current  maintenance  procedures 
are  considered  to  be  potentially  detrimental,  particularly  the 
method  of  removing  large  trees,  and  the  inclusion  of  deleteri¬ 
ous  material,  such  as  wood,  in  embankment  fill.  The  Owner's 
engineer  should  prepare  an  operation  and  maintenance  manual. 


In  conclusion,  it  is  noted  that  formal  operational, 
maintenance  and  warning  procedures  should  be  developed  and 
implemented  as  soon  as  possible.  These  procedures  should 
include  an  inspection  checklist,  consisting  of  a  list  of  items 
to  be  checked  during  each  inspection  and  repaired  as  necessary 
to  insure  proper  performance  of  the  structure. 
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SECTION  5 

HYDROLOGY/HYDRAULICS 


5 . 1  Evaluation  of  Features. 

a.  Design  Data.  The  original  hydrologic  and  hydraulic 
design  is  in  the  Department  of  Environmental  Resources  files 
and  was  available  for  review.  The  watershed  is  about  2.2 
miles  long  and  averages  about  1.2  miles  wide,  having  a  total 
drainage  area  of  2.3  square  miles.  Elevations  within  the 
watershed  range  from  about  665  feet  in  the  upper  reaches  to 
357  at  normal  pool  elevation.  The  watershed  is  predominantly 
open/farmland  with  scattered  residential  development.  Devel¬ 
opment  can  be  expected  to  continue  at  a  slow  rate  within  the 
wa tershed. 

In  accordance  with  criteria  established  by  Federal 
(OCE)  Guidelines,  the  spillway  design  flood  for  this  "Small" 
size  dam  and  "High"  hazard  classification  is  0.5  to  1.0  PMF 
(Probable  Maximum  Flood).  As  the  height  of  this  dam  is  near 
the  lower  limit  for  small  size  dams,  and  the  existing  total 
capacity  is  about  one-third  of  the  upper  limit,  the  selected 
spillway  design  flood  is  0.5  PMF. 

b.  Experience  Data.  There  are  no  records  of  reservoir 
levels  or  rainfalls  kept  for  this  dam.  It  was  reported  that 
Hurricane  Agnes,  June  1972,  increased  the  reservoir  level  by 
about  five  inches.  It  is  to  be  noted  that  the  dam  does  not  lie 
in  the  path  of  the  maximum  rainfall  for  that  event. 

c.  Visual  Observations.  On  the  date  of  the  inspection, 
conditions  were  observed  that  would  indicate  a  reduced 
spillway  capacity  during  an  extreme  event.  Fill  was  placed 
upstream  of  the  weir,  reducing  its  hydraulic  efficiency; 
recently,  rock  was  placed  on  the  upstream  slope  of  the 
embankment,  reducing  the  effective  length  of  the  weir;  and 
because  of  the  low  crest  elevation,  the  full  spillway  capacity 
cannot  be  utilized  before  the  embankment  overtops.  Other 
observations  regarding  the  condition  of  the  downstream  chan¬ 
nel,  spillway  and  reservoir  are  located  in  Appendix  A  and 
discussed  in  greater  detail  in  Section  3.  Recommendations  are 
made  in  Section  7. 

d.  Overtopping  Potential.  Although  the  original  hy¬ 
drologic  study  was  included  in  the  state's  files,  it  was  not 
used  in  the  evaluation  of  the  overtopping  potential  of  this 
dam  because  the  original  spillway  design  flood  was  less  than 
one-half  the  PMF  and  the  original  study  failed  to  take  into 
account  a  unique  characteristic  of  this  watershed.  As  shown 
on  Plate  1,  Appendix  E,  the  path  of  the  maximum  water  course 
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curves  back  on  itself*  thus  making  the  length  of  the  maximum 
water  course,  which  is  3.5  miles,  much  greater  than  the  length 
of  the  watershed,  2.2  miles. 

The  overtopping  potential  of  this  dam  was  estimated 
using  the  HEC-1  Dam  Safety  Version  computer  program.  A  brief 
description  of  the  program  is  included  in  Appendix  D.  The 
computer  program  estimated  the  peak  inflow  from  one-half  the 
PMF  to  be  1,852  cfs.  The  flood  routing  was  done  assuming  both 
design  conditions  and  existing  conditions.  The  spillway  is 
estimated  to  pass  about  2,094  cfs  under  existing  conditions 
and  3,104  cfs  under  design  conditions  without  overtopping  the 
embankment.  Under  design  conditions,  the  spillway  can  pass 
about  0.88  PMF  without  overtopping  the  embankment.  Under 
existing  conditions,  the  percentage  of  the  PMF  passed  is 
reduced  to  0.59  PMF. 

e.  Spillway  Adequacy.  As  the  spillway  can  pass  the 
selected  spillway  design  storm,  0.5  PMF,  under  existing 
conditions,  the  spillway  is  considered  "Adequate". 

f.  Downstream  Conditions.  For  about  2,000  feet  below 
the  dam,  the  channel  flows  through  a  fairly  wide  floodplain 
before  joining  with  Maiden  Creek.  Maiden  Creek  is  wide .just 
below  Christman  Dam  and  narrows  considerably  at  Virginville, 
1.25  miles  farther  downstream,  the  site  of  the  downstream 
damage  center.  The  Route  143  highway  bridge  forms  a 
constriction  at  Virginville,  so  that  when  water  is  flowing 
over  the  bridge,  the  first  floor  of  the  houses  immediately 
upstream  will  be  flooded.  Failure  of  Christman  Dam  would 
result  in  excessive  property  damage  and  loss  of  life,  thus 
justifying  a  "High"  hazard  classification. 
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SECTION  6 

STRUCTURAL  STABILITY 


6 . 1  Evaluation  of  Structural  Stability. 

a.  Visual  Observations.  Visual  observations  detected 
no  evidence  of  existing  or  pending  embankment  or  spillway 
instability.  The  upstream  and  downstream  slopes  appear  to  be 
stable,  but  trees  are  growing  on  the  embankment  which  should 
be  removed  properly.  Also,  vertical  cuts  have  been  made  on 
the  downstream  slope  for  access  roads  during  piezometer 
installation,  and  these  should  be  repaired.  The  spillway 
walls  under  the  bridge  at  the  dam  centerline  are  leaning 
inwards,  but  were  probably  constructed  in  that  manner.  The 
backfill  behind  the  right  spillway  wall  has  subsided,  possibly 
due  to  soil  being  removed  by  seepage  through  the  base  of  the 
wall  or  to  poor  backfill  compaction. 

b.  Design  and  Construction  Data.  A  stability  analysis 
of  the  maximum  embankment  section  was  performed  as  part  of  the 
design  in  July  1967,  by  General  Consultants,  Inc.,  using  a 
simplified  wedge  analysis.  However,  the  analysis  is  inade¬ 
quate  for  the  following  reasons: 

1.  An  inappropriate  soil  strength  was  used.  A 
relatively  high  friction  angle  of  43  degrees  was  used,  based 
upon  two  direct  shear  tests  on  undisturbed  samples  from  a 
boring  at  an  unknown  location.  Shear  tests  should  have  been 
conducted  on  remolded  samples,  compacted  to  the  minimum 
density  specified  for  construction. 

2.  The  stability  analysis  considered  the  downstream 
slope  to  be  2.5H:1V,  but  the  actual  constructed  slope  is  about 
2H: IV. 

Compaction  tests  (ASSHO  T-99,  "Standard  Proctor") 
were  conducted  by  Allentown  Testing  Laboratory,  Inc.,  on 
"pervious"  and  "impervious"  borrow  soils  for  use  in  construc¬ 
tion  of  the  dam  shell  and  core,  respectively.  However,  from 
the  appearance  of  the  resulting  compaction  curves,  it  appears 
likely  that  the  results  were  interchanged;  that  is,  the  curve 
which  appears  to  be  appropriate  for  pervious  soil  was  reported 
as  resulting  from  the  impervious  soil,  and  vice  versa. 

The  only  in-place  density  test  results  in  the  state 
file  indicated  relative  compactions  of  93.8  and  97.8  percent 
of  AASHO  T-99  for  the  "pervious"  and  "impervious"  fill 
materials,  respectively,  in  "the  best  placed  soil  fill".  The 
Owner  was  advised  to  increase  the  compaction  effort  and  the 
soil  moisture  content  in  order  to  meet  the  100  percent 
relative  compaction  specified.  If  the  compaction  standards 


were  reversed,  as  described  above,  the  in-place  relative 
compaction  for  these  materials  would  be  89.3  and  103.7  percent 
for  the  "pervious"  and  "impervious"  fill,  respectively.  The 
actual  conditions  are  further  confused  since  the  inspection 
report  indicates  that  the  "pervious"  soil  fill  was  placed  in 
the  core  area  of  the  dam  and  the  "impervious"  soil  fill  in  the 
shell  area.  The  degree  of  compaction  of  subsequently  placed 
fill  is  unknown. 

Because  of  the  deficiencies  in  design  and  construc¬ 
tion  noted  above,  and  consistent  with  the  history  of  poor 
construction  practices  connected  with  this  dam,  as  described 
in  detail  in  Section  1.2,  paragraph  g,  it  is  concluded  that 
the  stability  of  this  dam  cannot  be  considered  to  be  adequate 
without  a  detailed  study  including  test  borings,  laboratory 
testing  and  engineering  analysis. 

c.  Operating  Records.  There  are  no  operating  records 
for  this  structure. 

d.  Post-Construction  Changes.  As  described  in  Section 
1.2,  paragraph  g,  and  Section  3,  the  following  post-construc¬ 
tion  changes  have  been  made  to  the  dam: 

(1)  In  November  1969,  cement  grout  was  injected  around 
the  spillway  to  stop  seepage.  The  seepage  was  not 
completely  stopped. 

(2)  In  1970,  chemical  grout  was  injected  around  the 
spillway  to  stop  seepage.  Again,  the  seepage  was 
not  completely  stopped. 

(3)  In  1978,  a  portion  of  the  spillway  chute  wall,  which 
had  rotated  inwards,  was  replaced. 

(4)  In  1978,  derrick  stone  was  placed  and  grouted  at  the 
outlet  of  the  spillway  chute,  and  a  broken  portion 
of  the  chute  floor  was  replaced. 

(5)  The  spillway  capacity  has  been  reduced  by  the 
placement  of  stone  riprap  on  the  embankment  adjacent 
to  the  spillway. 

(6)  A  fish  pond  has  been  constructed  at  the  left  toe  of 
the  dam  which  may  be  masking  seepage.  A  1.5  inch 
diameter  hose  passes  through  the  embankment  at  an 
unknown  depth  to  provide  water  to  the  pond. 


(7)  Four  piezometers  were  installed  in  June  1979. 


e.  Seismic  Stability.  The  dam  is  located  in  Seismic 
Zone  1.  Normally  it  is  considered  that  if  a  dam  in  this  zone 
is  stable  under  static  loading  conditions,  it  can  be  assumed 
safe  for  any  expected  earthquake  conditions.  However,  as  the 
stability  of  the  dam  cannot  be  assessed  under  static  loading 
conditions,  it  cannot  be  assessed  under  seismic  loading 
cond itions. 
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SECTION  7 

ASSESSMENT/REMEDIAL  MEASURES 


7 . 1  Dam  Assessment. 

a.  Evaluation.  Visual  inspection  and  review  of  design 
documentation  indicate  that  the  spillway  is  in  fair  condition. 
However,  because  of  the  low  crest  elevation,  seepage,  and 
excessive  woody  vegetation,  the  overall  evaluation  of  Christ¬ 
man  Dam  is  considered  poor. 

Hydrologic  and  hydraulic  computations  presented  in 
Appendix  D  indicate  the  structure  will  pass  the  selected 
spillway  design  flood,  one-half  the  Probable  Maximum  Flood, 
without  overtopping.  Therefore,  the  spillway  systems  of  this 
structure  are  considered  to  be  "Adequate".  In  the  event  the 
dam  fails  while  retaining  a  significant  quantity  of  water, 
extreme  property  damage  and  possible  loss  of  life  in  the 
downstream  town  of  Virginville  would  be  expected,  thus 
justifying  the  "High"  hazard  classification. 

b.  Adequacy  of  Information.  Information  available  for 
this  investigation  was  not  sufficiently  adequate  to  evaluate 
the  structural  aspects  of  the  dam. 

c.  Urgency .  It  is  recommended  that  the  remedial 
measures  presented  in  Section  7.2  be  implemented  immediately. 


7.2  Remedial  Measures. 


a.  Facilities.  It  is  recommended  that  the  following 
steps  be  taken  immediately,  and  should  be  done  under  the 
supervision  of  a  registered  professional  engineer  experienced 
in  the  design  and  construction  of  dams. 

(1)  The  embankment  stability  analysis  requested  by  the 
state  should  be  performed,  using  constructed  slope 
angles  and  as-built  soil  parameters  obtained  from 
undisturbed  samples. 

(2)  The  crest  elevation  should  be  increased  to  meet  the 
design  elevation. 

(3)  The  trees  and  root  masses  should  be  completely 
removed  and  the  slope  restored  to  its  original 
condition.  All  woody  vegetation  should  be  cut  on  an 
annual  basis. 
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(4)  Additional  backfill  should  be  placed  behind  the 
spillway  chute  walls. 

(5)  The  riprap  partially  blocking  the  weir  should  be 
removed. 

(6)  The  hose  through  the  embankment  should  be  removed 
and  the  embankment  returned  to  its  original  condi¬ 
tion. 

(7)  Provide  a  method  of  upstream  closure  of  the  pond 
drain  conduit. 

b.  Operation  and  Maintenance  Procedures.  Because  of 
the  location  of  the  dam  and  the  potential  for  heavy  property 
damage  and  possible  loss  of  life  in  the  event  of  failure,  a 
formal  procedure  of  observation  and  warning  during  periods  of 
high  precipitation  should  be  developed  and  implemented.  This 
procedure  should  include  a  method  of  warning  downstream 
residents  if  high  flows  are  expected  and  provisions  for 
evacuating  these  people  in  the  event  of  an  emergency.  In 
addition,  the  Owner's  engineer  should  develop  a  detailed 
maintenance  and  operation  procedure  to  insure  that  all 
pertinent  items  are  carefully  inspected  on  a  regular  basis  and 
maintained  in  the  best  possible  condition. 


Cavl  Christman,  Owner ,  was  on  site  and  provided  assistance  to  the  inspection  team, 


CONCRETE/MASONRY  DAMS 


RIPRAP  FAILURES  According  to  DklR  files,  upstream  riprap  below  elevation  354t 

is  s)iale  and  has  little  useful  function. 


STAFF  GAGE  AND  RECORDER 


(T)  Fill  upstream  of  weir  reduces  hydraulic  efficiency. 

(See  Photograph  No.  1) 

(2)  Rock  placed  upstream  of  weir  reduces  effective 
length  of  weir.  (See  Photograph  No.  15)  . 

(5)  Retaining  wall  replaced  spring,  1979.  (See  Photo¬ 
graph  No.  17)  . 

(4)  Settlement  of  backfill  behind  spillway  wall. 

(D  Minor  erosion  behind  spillway  wall.  (See  Photo- 
~  graph  No.  14) . 

(?)  Recently  placed  grouted  derrick  stone. 

(7)  Large  trees  on  embankment,  some  have  been  pulled 

out  by  their  roots.  (See  Photographs  No.  5  and  10) . 

(?)  Seepage  beside  outlet  conduit.  (See  Photograph  No.  14) . 

(5)  Marshy  area. 

(2)  Lowest  fish  pond,  may  mask  seepage.  (See  Overview 
.  Photograph) . 

(11)  Hose  for  water  spray  to  fish  pond.  (See  Photograph 
No.  11  and  12). 

(12)  Access  road  not  built  as  shown.  (See  Overview 
Photograph) . 

(13)  Crest  is  lower  than  design  elevation  for  more 
than  350  feet. 

(2)  Piezometers  installed,  embankment  damaged  and 

should  be  repaired.  (See  Photographs  No.  8  and  9)  . 

(2)  Seepage  emerging  from  base  of  fish  pond  embankment. 
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POPULATION  About  1.25  miles  futher  downstream  is  Virginville  where  several 

homes  are  built  in  the  floodplain. 
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PHOTOGRAPH  LOCATION  PLAN 
CHRISTMANS  DAM 


PLATE  C-l 


VIEW  OF  SPILLWAY  FROM  BRIDGE.  NOTE 
WEEDS  GROWING  IN  WATER  IMMEDIATELY 
UPSTREAM  OF  WEIR. 


POND  DRAIN  OUTLET.  BOARDS  PLACED  TO 
PROTECT  OPERATOR  FROM  SPRAY  WHEN  GATE 
IS  OPENED. 


ROADWAY  OVER  DAM.  GRAVEL 
WAS  RECENTLY  ADDED  TO  A  LOW 
SPOT. 


PHOTOGRAPH  NO.  6 


OVERALL  VIEW  OF  DOWNSTREAM  SLOPE. 
NOTE  LARGE  TREES  IN  CENTER  OF 
PICTURE  AND  FISH  POND  ON  LEFT  SIDE 
OF  PICTURE. 
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DAMAGE  TO  EMBANKMENT  AS  A 
RESULT  OF  PIEZOMETER 
INSTALLATION. 


PHOTOGRAPH  NO.  9 


INTAKE  FOR  HOSE  TO  SPRAY  WATER  ON 
DOWNSTREAM  FISH  POND. 


HOSE  FORMERLY  USED  TO  SPRAY 
WATER  ON  FISH  POND. 


PHOTOGRAPH  NO.  12 
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RECENTLY  PLACED  RIPRAP  ON  UPSTREAM 
SLOPE  REDUCES  THE  EFFECTIVE  LENGTH 
OF  THE  WEIR. 
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JUNCTION  OF  OLD  AND  NEW 
CONCRETE. 


PHOTOGRAPH  NO.  17 
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CHRISTMAN  DAM 
CHECK  LIST 

HYDROLOGIC  AND  HYDRAULIC 
ENGINEERING  DATA 

DRAINAGE  AREA  CHARACTERISTICS:  Predominantly  open/ farmland,  few  homes. _ 

ELEVATION  TOP  NORMAL  POOL  (STORAGE  CAPACITY):  257.0  feet  (234  Acre-Feet). 

ELEVATION  TOP  FLOOD  CONTROL  POOL  (STORAGE  CAPACITY):  260.8  <222  Aore-Feet) 

existing. 

ELEVATION  MAXIMUM  DESIGN  POOL:  _ _ 

ELEVATION  TOP  DAM:  362.0  feet,  design;  360.8  feet,  existing. 

SPILLWAY 


a. 

Elevation 

357.0  feet. 

b. 

Type 

Side  entrance  channel  with  concrete  weir. 

c. 

Width 

ICO  feet  (weir  length). 

d. 

Length 

187  feet. 

e. 

Location 

Spillover  Right  abutment. 

f. 

Number  and  Type  of  Gates  None 

OUTLET  WORKS: 

a-  Type  24  inch  conduit  at  base  of  dam,  gated  at  downstream  end. 

b.  Location  _ Station  2  +  00.  maximum  section. _ 

c.  Entrance  inverts  _ 335.5  feet. _ 

d.  Exit  inverts  _ 335.0  feet. _ 

e.  Emergency  draindown  facilities  _ 

HYDROMETEOROLOGICAL  GAGES: 


a. 

Type 

None 

b. 

Location 

n/a 

c. 

Records 

n/a 

MAXIMUM 

NON-DAMAGING 

DISCHARGE: 

Not  determined 

CHRISTMAN  DAM 

HYDROLOGIC  AND  HYDRAULIC 
3ASE  DATA 


Sheet  2  of  12 


DRAINAGE  AREA:  ( ^  \ _ 2 .  3  square  mi  les _ 

PROBABLE  MAXIMUM  PRECIPITATION  (PMP) 

FOR  10  SQ.  MILES  IN  24  HOURS:  W _ 23.0  inches. 

ADJUSTMENT  FACTORS  FOR  DRAINAGE  AREA  {%)P'1 2 


Zone 

6 

6  Hours 

113 % 

12  Hours 

123% 

24  Hours 

132% 

48  Hours 

143% 

SNYDER  HYDROGRAPH  PARAMETERS: ^ 

Zone 

6 

Cp ,  Ct 

0.40,  1.3S 

L(5) 

3. 50  miles. 

Lea  <6 7> 

2.  79  miles 

tp=C,  (L- Lea)0'3 4 5 

2.67 

SPILLWAY  CAPACITY  AT  MAXIMUM 

WATER  LEVEL  (?)  2094  cfs  existing,  3104  cfs  design 

(1)  Measured  from  USGS  maps. 

(2)  Hydrometerological  Report  No.  33,  Figure  1. 

(3)  Hydrometerological  Report  No.  33,  Figure  2. 

(4)  Information  received  from  Corps  of  Engineers,  Baltimore  District. 

(5)  Length  of  longest  water  course  from  outlet  to  basin  divide,  measured 

from  USGS  maps. 

(6)  Length  of  water  course  from  outlet  to  point  opposite  the  centroid  of 

drainage  area,  (see  Plate  1,  Appendix  E)  measured  from  USGS  maps. 

(7)  See  Sheet  I0,l2af  this  Appendix. 
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HEC-1 ,  REVISED 
FLOOD  HYDROGRA^H  PACKAGE 


The  original  "Flood  Hydrograph  Package"  (HEC-1), 
developed  by  the  Hydrologic  Engineering  Center,  Corps  of 
Engineers,  has  been  modified  for  use  under  the  National  Dam 
Inspection  Program.  The  "Flood  Hydrograph  Package  (HEC-1) , 
Dam  Safety  Version",  hereinafter  referred  to  as,  HEC-1,  Rev., 
has  been  modified  to  require  less  detailed  input  and  to 
include  a  dam  breach  analysis.  The  required  input  is  obtained 
from  the  field  inspection  of  a  dam,  any  available  design/eval¬ 
uation  data,  relatively  simple  hydraulic  calculations,  or 
information  from  the  USGS  Quandrangle  maps.  The  input  format 
is  flexible  in  order  to  reflect  any  unique  characteristics  of 
an  individual  dam. 

HEC-1,  Rev.  computes  a  reservoir  inflow  hydrograph 
based  on  individual  watershed  characteristics  such  as:  area, 
percentage  of  impervious  surface  area,  watershed  shape,  and 
hydrograph  characteristics  determined  from  regional  correla¬ 
tion  studies  by  the  Corps  of  Engineers,  Baltimore  District. 
The  inflow  is  routed  through  the  reservoir  using  spillway 
discharge  data  obtained  from  the  field  inspection  or  design 
data.  Flood  storage  capacity  is  determined  from  USGS  maps  or 
design  information  and  verified  by  the  field  inspection.  In 
the  event  a  spillway  cannot  discharge  0.5  PMF  without 
overtopping  and  failure  of  the  dam,  downstream  channel 
characteristics  obtained  from  the  field  inspection  and  USGS 
maps  are  inputed  and  flows  are  routed  downstream  to  the  damage 
center  and  a  dam  breach  analysis  is  performed. 

Included  in  this  Appendix  are  the  HEC-1,  Rev. 
pertinent  input  values  and  a  summary  print-out  tables. 
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APPENDIX 
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SITE  GEOLOGY 
CHRISTMAN  DAM 


Christman  Dam  is  located  in  the  Great  Valley  Section 
of  the  Valley  and  Ridge  Physiographic  Province.  As  shown  in 
Plate  F-l,  the  dam  is  constructed  upon  shale  belonging  to  a 
sequence  of  Ordovician  age  shale,  graywacke  and  limestone 
comprising  the  Hamburg  Sequence. 

Bedding  exposed  at  the  right  abutment  and  spillway 
channel  areas  of  the  dam  strikes  near  east-west  (perpendicular 
to  the  axis  of  the  dam)  and  dips  45  degrees  to  the  south.  High 
angle  jointing  strikes  northeast  and  northwest.  Soil  cover  is 
relatively  thin  over  the  shale  bedrock.  Seepage  could  be 
expected  due  to  the  general  fractured  nature  of  the  bedrock 
and  the  overall  orientation  of  the  bedding. 

This  region  of  Pennsylvania  is  completely  folded  and 
faulted.  Several  near  east-west  striking  thrust  faults  occur 
in  the  dam  area,  one  of  which  passes  within  several  hundred 
feet  of  the  right  abutment. 
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